Abstract
Introduction
Liquefaction is destructive threats due to an earthquake. This can be as a tendency of loose sand to compress once a load is applied on the other hand dense sands tends to expand in volume or 'dilate' when exposed to high water content. If the water saturates the soil then, water fills the gaps between soil grains. Due to that, the pressure of this pore water will increase and makes an attempt to flow out of the soil from the zones of low pressure (generally rising near the ground surface) (Kumar, 2009 ).
Strong earthquakes in other part of the world like Niigata & Alaska (1964 ), San Fernando (1971 ), Loma Prieta (1989 , Northridge (1994) , California and Japan (1995) , Turkey (1999) , Taiwan (1999) and Canterbury (2010) earthquake have provided additional evidence of the damaging due to liquefaction. The most recent earthquake like Kathmandu Earthquake struck in 2015 was felt several major cities in India; Sikkim earthquake occurred in 2011, of magnitude 6.9 was felt up to Allahabad, Delhi, Jaipur and North Central Region (NCR) in India. To assess the liquefaction for a zone or region is always an important duty for engineers and researchers to protect the structures from this phenomenon. The seismicity status of Allahabad city is low and it is placed in the zone-II as per beauro of Indian standard code BIS-1893 BIS- (2002 . It has been seen in past liquefaction had been occurred in area of low seismicity viz. Latur (Magnitude-6.2), Jabalpur (Magnitude-6.0) etc. Before the Latur earthquake, it was in zone-I but, now it is zone-III (Mahapatra et al., 2010) . Allahabad city is also situated on the bank of river Ganga and Yamuna and these river beds are situated near the fault plane. This study will lead to assess and analyze of liquefaction potential to densify the liquefaction prone zone in Allahabad city.
The average standard penetration resistance ( ̅ ) at any boreholes is computed by the following expression (Pallav et al., 2012) .
Where, d i and N i are the thickness and the SPT-N value of i th layer, n is the total number of soil layers. Out of 70 boreholes in the present study 28 & 42 boreholes are classified as E-type ( ̅ < 15) and D-type (15 < ̅ < 50) respectively. As per IBC E-type sites are susceptible to liquefaction of soil and failure. Therefore it can be said that as most parts of Allahabad city are vulnerable to liquefaction induced failure.
Depth of water table is also one of the most pertinent parameters that influence liquefaction potential of soil. Depth to water from ground level in pre monsoon ranges between 3.0 to 15.0 meter below and average water level is 6.0 to 7.0 meter below in Trans Ganga area. Post monsoon water table varies in between 1.5 to 13.0 meter below ground level in Trans Ganga area. Water level varies 5.0 to 6.0 meter below ground level in Trans Yamuna area (Singh et al., 2014) .
After Japan earthquake, Seed and Idriss (1971) proposed frameworks for SPT-Nbased assessments of liquefaction potential in simplified way. This procedure is time to time modified and improved by the researchers like Seed, 1979; Seed and Idriss, 1982; Seed et al., 1985; Youd et al., 2001; Cetin et al., 2004; Idriss and Boulanger, 2006 
Techniques Adopted
For estimation of liquefaction potential by empirical methods following protocol has been followed: On the variation of these data, liquefaction potential of soils by conventional methods have been determined which is extensively discussed in next section.
Appraisal of Liquefaction Potential
Collected datasets and variations of seismic parameters as well as depth of water table from ground level were used for the evaluation of liquefaction potential by conventional as well as computational methods.
Evaluation of Liquefaction Potential by Conventional Approaches
There are three semi empirical approaches have been used to evaluate liquefaction potential these are modified Seed's method, I&B method and T&Y method. These methods follow certain protocols:
 Estimation of the CSR.
 Estimation of the CRR.
 Evaluation of factor of safety against liquefaction potential of soils.
FOS estimated by semi-empirical methods for all 70-borehole data i.e. 214 datasets with the aforesaid depth of water table, earthquake magnitude and horizontal acceleration. The estimated FOS was used for development of model by computational models. FOS obtained by conventional methods is also arranged in Table 1 . 
Development of Liquefaction Potential models by Computational Methods
To develop the ANN & ANFIS total 214 datasets were collected in terms of input and output values of the models for Allahabad city. Out of these 214 datasets, 36 datasets were reserved for examine the developed model. Hence, there are 178 datasets were used to develop the model.
Development of ANN model
In this literature, eight input variables were used. SPT-N value (N), depth (d), bulk unit weight (γ t ), particle size finer than 0.075 mm (D 0.075 ), natural/field moisture content (w f ), particle size finer than 2.00 mm (D 2.0 ), particle size finer than 0.002 mm (D 0.002 ) and angle of internal friction (φ) are the eight input variables whose range are shown in Table 2 . MATLAB (7.4) software was used for all operations in which ANN were trained having varying hidden layers (single or double) with varying numbers of neurons from 2 to 20. Liquefaction potential evaluated from parametric study was used as output variable whereas input variable taken from borehole data. Considering every condition and case of parameters and network architecture ANN models were developed.
Development of ANFIS model:
To, ANFIS tool in MATLAB (7.4) was also used for the development of ANFIS networks. Networks were trained with three membership functions (triangular) and up to 75 numbers of epochs for each of the eight input vectors. Grid partitioning methods were used to generate the FIS, whereas linear membership function was used for the target variable.
Hybrid optimization technique was used for training the FIS.
Results and Discussion
On the basis of LP values obtained by various semis empirical approached like modified
Seed's method, I&B method and T&Y method, computational models (ANN & ANFIS) has been developed. These developed models have been examined with the reserved datasets. On the basis of results obtained, further discussion has been carried out.
LP by Computational Models
Results predicted by ANN and ANFIS were studied but in this literature only one model has been discussed whose combination is M 8 A Rather than these three sets all predictions are correct.
Conclusions
In this paper, liquefaction potential was evaluated for above-mentioned combinations.
Semi empirical methods like modified Seed's method, Idriss and Boulanger (I&B) method 
